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NASA Grant Number NGR 34~002-193

SURFACE FITTING THREE-DIMEMSIONAL BODIES

by Fred R. Delarnette

North Carolina State University

SUMMARY |

The geometry of general three—-dimensional bedies is generated from caordinafés
of peints in several cross sections. Since these points may net be smeoth, they
are divided inte segments and general conle sectlons are curve fit in a least-squares
sense to each segment‘of é.crdss section, The conic sections are fhen blended in
the longitudinal direction by fitting parametric cubic-spline curves ihrough ébordie_
nate points which define the conic sections in the cross-sectional planes. Botﬁ
the cross-sectional and longitudinal curves may be modified by specifying particular
segments as straight lines and slopes at selected points, Slepes may be continuous
or discontinuous and finite or infinite,

After a satisfactory surface fit has been obtained, .cards may be.punched with
the data necessary te form a gecmetry subroutine package for use in other computer
programs, . At any positien en the body, ceordinates, slepes and second partial

FEEN

derivatives are calculated. -
SUETiEs e [ER . '
The method is applied to a blunted 70° delta wing, and it was found to generate
L s mmyke slxloe
the gecmetry very well, '
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INTRODUCTION

Many disciplines require a mathematical description of thres-ilnonelis e
surfaces which cannot be represented by simple mathematical expressizns. Thae
location and slopes of poinis on a body are needed in the analysis ¢f sevusierves
and inviscid flow fields. Viscous flow-field analyses requize the body curvaiuze
in addition to location and slopes. The geometrical properties of simple shapes
like spheres, cones, ellipsoids, and paraboloids can be deacribed by relatively
simple mathemarical equations., However, many configurations of interestc today,
siich &5 the space shuttle, are complex three-dimensionél gshapes whose geumetry
cannct be described easily., In many instances all the information that is given
is a drawing with a plan view, a side view, and several c¥58s sections of the
vehicle. Sometimes models of a vehicle are available, and coordinate positions
can be accurately measured on them, On the other hand, slopes cannst be acgurately
measured on a drawing or a medel; and the determination 5f radii of curvature is
even less accurate., This repert developé a computer program which will surface
fit mathematical relations te complex thres-dimensional beodies. The merhod
yields accurate coordinates and slopes and reasonably accurate radii of curvatuie
at any pesition on the body.

Previous approaches to surface fitting three-dimensional bodies generally
divided the surface into '"patrches" and represented each patch by flst surfaces,
quﬁic or higher order pelyncmials, or conic sections (e.g., see refs, i=3},

Each of these methods has undesirable features in the toyms used previcusly,
Flat surfaces are completely unacceptable 1f radii of curvature or continuocus
slopes are needed. Cubic or higher order polynomiais ofcen lead to unwanted
wiggles and bulges since they allow points of inflections, In ref. 3 this authox
applied the method of double spiines, which used bi=cubic interpolation, to

surface fit the coordinates of points in several cross—sectional planes of



three~dimensional bedies. Hewever, it was found that bulges and/or dimples
~ oceurred ip:;hes@“sp;facea;‘particharly ﬁhep ﬁhe thickness was much smaller

than the span. | |

Reference 4 approximated the shape of a.spgcershutt}a orbiter with elliptical.
.cxosq sedtionq with different ell;pﬁicitj.en.:hg ﬁin@wqrd'and leeward sidésw
Cubic;polynémials were used to define éégmengs‘of thé‘plan,and thickness distribu-
tions. _Ihe'coefficients‘ef‘théée pelngﬁiaiggwgréhcheagn to_maké,tbe slopes
continuaﬁs acroess ,bouﬂdaries of the longii‘:u:d.‘inal éegmentso Hox&everg points of
inflections were found to occur inside thq[ségments-and,thué gave.tﬁe undesirable
bumps, which in turnrsignificantly affecyqd,the surfaqé pressure and heating
dist:ibutibna“calculated with‘this'géoﬁefryeif |
Cenic sections have been used‘to degcribe-sggmegts of aircraft centours for.

some . time (see ref..l). Both lapéitudiﬁal and tr#nsve:ae contours werexrepreQEnted
by conic sections, but the slopes at the“enQS,gf-each segmeﬁt hadfgqﬁbeﬂmeasureda
As-mentieped‘eérlier,,slopes:are-di#ficult éa‘mgasure acguratalyo - The present.
author developéd a leastésquare‘curve-fitﬁing t_;echniqua‘(tafE 5) using general
canic-sectiéns~f§r each ségment-of‘a curve in a planggh:Singe;all.data points are:
not necgasatily smooth, the curve was constrained to go thrqughréelec;e&Acoﬁtral
poeints (which are-beundariésifer each caniéwaegﬁent)‘but fit the remaining data
enly in a leaat-squareuaeﬁaau In,additiap,,;he_alaga at gach‘caﬁtrol‘point was
coﬁstrained'to be continuous. The results from this curve-fitting metﬁod:ﬁere“
quita,goeq;'_Anqther,featu%g;of conic sections is ;hgﬁ they cannét yigl@.éuf?es
with-infléhtiqﬁﬁpéintsg gna‘this featuré can be-a definite ad;vantagea If‘an.
inflectieﬁ péin;;éheuld be needed, then it.could béique,a control peint with the
résulting,cgrvgs,frge of inflection points exceﬁt af thise contro;hpeingoﬁ

| Coéns (;éf;<2} §éﬁg1§ped a sophisticated technique tq.describe.thfegédimensi@nai

aurfaces_by-uéing«blgn@ing functions to‘blend‘;hé surface -between the'boundary

-



curves of each‘patchq A major difficulty iﬁ applying Coon's méthod is that

the user must supply the coordinates, slopes, and twists {(cross derivatives) at

all four corners of each surface patch, This information is genmerally difficult

to determine, particularly the cross derivatives (see ref, 6). Another disadvantage
of using Coons' method in computer applications is. that 64 parameters are needed

to describe each surface patch, and for a large number of patches the amount of
storage required by the computer may be excessive..

The method presented here for surface fitﬁing three—~dimensional bodies is
somewhat similar to Coons' patching method, but it reduces the number of parameters
required to describe a surface patch and is simpler to apply. Data points in
cross sectional planes are curve-fit in a lemst-squares sense by segments of general
conic sections. The conlc sections are then blended in the 1ongitudinal‘diréction
by fitting parametric splines through coordinate points which define the conic:
sections in the cross-sectional plapes, This technique has the advantage of
allowing the user to continually modify the cross—sectional curves and the
longitudinal curves until the body shape has the desired features.. Discontinuocus
slopes in both the circumferential and longitudinal dizections may be specified.

After the body shape has been modified to the final form;, the variables
necessary tg describe the shape may be punched on data cards. Then for applications
of the method, a relatively smell geometry subroutine can be used along with these
data cards to calculate positions, slopes; and radii of curvature on three-

dimensional bedies,
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Subscripts .

h

~ constant vector defined by eq. (20)

Q@IrLRVLO
Boldnea DRELEI L0o0y U dedLo T,
parameters defined by eqs. (B5) -~ (B16)

SUARNET AE0In BOUD S UWNT 5ollhg ol
coefficients of conic section given by eq.'.(18) in glebal cserdinates.
SeBgSd LRGOLIIS0 SEa L LrOLENET B

coefficients: of conicisection given by:eqi~ (19:4in local coordinstes.
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parameter defined by eq. (26)

body radius, defined By, eq.. (22)

matrix defined by eqo (21)

.parameter defined by eq. (27)

data point number of first control point in segment j
slopes defined by eqs. (5) and (6)

number of segments in a cross sectioq

terms defined by egqs. (A2) and (A3)

residual in egs. (Bl) and.(BZ)

term defined by eq. (AS5)

cﬁnrdal distance between coordinates

parameter defined by eg. (25)

Cartesian coordinates, see Figure 2.

local ‘coordinates, see Figure 3.

céefficients defined by eqs. (15), (16), and (17)
slope of segment j, see Figure 5

- 8.
°y =%

circumferential angle . defined by eq. .(23)

intermediate point in a cross«sectional segment
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*

segment number in a cross section

data point number in a croass section

refevence point

slope point of a cross—sectional segment

first control point of a cross-sectional segment

last control point of a cross-sectional segment-

value where both Rj = 0 and de/dy =.0



ANALYSIS -

For a 'typical epplication, the geometry of a ﬁedy must be determined from a.
mgdeip”suqh as-a ﬁind tunﬁél modglg,or-a‘threérﬁiewidraﬁingc Génerally ngaral
cross sections are obtaimable from,-the;model‘of,drawinga and the coerdinaﬁes of
data points on-ﬁhefbbdndafy!offtﬁéée crpséﬁéeégiéhs‘dén_be measured or calculated.
A;three‘ndiinensiar;ﬁl __a,ifrface ;must,ltl:han-be {f:l.lf:. tﬁrqugh;gll t.hé. body‘crass gectiona,
Many -times - the daﬁa-peints}iﬁ the qross'ééétiéna*ﬁrq net.camplefely smooth, and
in»thQQE‘casés‘é smeoth ‘surface cannot be fit threugh all the data points. It
is then desirable to.have a smooth surface bass through deaignafed data psinta,
called control peiﬁtég-anq paes. close to, but net necessarily through, the ether .
data points. :

In -the methed praaented‘here,.the,datg;pointa‘in‘each;cress sectien are
divided into. segments.and portiens of ganeral;éeniq sectione are curve=fit teo
theidata-painta‘;p-eaqh*segmant,? The data peints at the ends of each segment
aré desigﬁgte@fas cqhtra;-péint99 and the curve .is coﬁstrained;;a‘ge,thrqugh;the
control poip,tq_'.gs-at.;own,::lp-FigurellP A thraeedimenaiénal-auffaqe ié then generated
byg"blendingﬁltha-;rasadsectional curves. in the longitudinel directiocn.. Consider.

first the technique for curve-fitting the data points in a cross-sectional plane.

Curve-Fit -in a Cross-Sectional Plane
As mentioned previously, the data peints.in a cross-sectional plane are
generally not completsly amoeth, an& in those cases a smecth curve canneg.be -
ﬁade*ta,pasé}through'every.data,painto?-Thqrafo:a,-the date pcints are divided
inte segments, .and ‘a portion ef a generai conic section is curve-fit in a least-
squares .sense throughhtheidata points in that segment. The cuzve is c@naﬁrainadA

to-ga»thrpugh‘thg-;entral-paints (end pointa o£ a.segment) and also have &



continuous ‘slope at each control point unless the slope at a control point is
specified otherwise.

Define a three-dimensional coordinate system xX; y, z with X in the longitudi-
nal direction and ;’= constant 18 a cross—sectional plane (see Figure 2). Let j
denote the segment number .in a cross-sectional plane as shown . in Figure 1, with
the first segment starting on the positive ; -~ axis and j increasing clockwise,
For edch segment it is convenient to initially use a local ccordinate system y,z
with the origin on the first control point and thé positive y=axis passing through
the control peint -at the other end of the segment (see Figure 3), In this local
coordinate system it is easy to investigate possibilities of complex roots .and
interpret the coefficlents of a general conic section geometrically, whereas it
1s difficult to interpret them geometrically in the global coordinates ¥,z.

For the jth segment -the equation for a general conic section is given by (ref.7)

2 2

Ajy + B,yz + Cjz + Djy + Ejz + Fj = 0 (1)

Only 5 of the 6 coefficients gre independent since the equation may be divided

by any non-zerc coefficient. The constraints that the curve pass through the two

control points

y=0, 2=0 and yﬂyj y 2= 0 yield
Py = " Ay )

By differentiating eq. (1), the slope in local coordinates is given by

A / )



Although 'the slapes.at the ends of the segments are generally not known, define

dz . . - .
m, a“"'(#dy)' at y = .0 s 2= 0 , . {33
and
dz. .
N e ) = . m 6
nj_. Euy) at v Yy s02 0 (&)

Using these .two eéuatipns‘in'eq° (4) it fellews that

Ej n;Aj yj(mj {7}
and
1 1
B, = = A, (= + =) ~ {8}
h| hi ﬂa oy

These results show that the end slapesnﬂe not affeet the ceefficient Cjo On -the

other hand, the product Ajcj.
2 .

(ref. 7). 1f Bj u‘AAj Cj.m 0 the conic is & parabola, if B? - &Ajcj-*ﬂ the conie

ig an ellipse, and,if‘B§ =.4Ajc~> 0 the cenic is & hyperbela. Of particular

dete:minesﬂthe;nature of the general conic section

interest is the pessibility of complex roets when salving for z'as a function of
y in.the region of interest, It is shown 'in Appendix A that z will have ne

compléx -roots in the region 0 <y < vy if.

A.C

(€2 Gy/m) ay/m) \ ®)

1. 3

For prescribed slopes mjug-aj ;tris.interQStipg,to observe how the ﬁroduct Aﬁcj
affects & conic-section. '(See Figure 4),

Unless a slepe 1s specifiaed at;a contrel peint, the method used here ceonstraing
the slope in global coordinates . (y , z) to be continuous at & control peint. This

makee the conic ‘section in one eegment dgpendent'en data points in sther zegmentis

as well as its own. From Figure 5 it can be seen that continuity of slope at



contrel point j requires

=1.

tan n 1

.= tan ~ m, + A 210

3= i 3

This equation can be expanded and rarranged in the form

‘.Ajél . (Alm)jlsin 6, + A, cos Aﬁj

(A]E)j_l = (A/m)j cos.ABJ - Aj sin Aej

{112

This last equation is non-linear in the coefficlents A, ; which would cause

k|
difficulty in obtaining a solution for them., However, as mentioned previously
only 5 of 6'ceefficignts-in a given segment are independent. . This allows an
additional censtraint to be imposed witheut‘affecting the overall equation for
the general conic section. The additional. constraint used herg is to equate
separately the numerators and -denominators eof beth sides of eq. (11). This gives
two equations which are linear in the coefficients A, ;| and wﬁich may be combined

to yield
(A/n)j m (AjcosA6j+1 ~Aj+l) /sinnejﬂ‘ {12}
(133

3=1 73

(A/m)j = (A, ,~A cosABj) /sinABj

For the first segment (J = 1) my is gpecified and equation (13) is not needed,
and ‘also for the last segment (j = N) n, ig specified and eq. (12) is not needed:
Now substitute eqs. (2}, (3), (7), (8); (12), and {13) into eq. (1) to
obtain -the equation for the conic sectioms as

2

“quul + BjAj4+ Yjﬁj+l.+ y cj = 0 {14}

-

10



where .

(zyjmgy)fsinaej for 3 » 1.

=

%3 (15)
0 for j = 1
2 N ‘
2 | ' ek .
Bj: = ?i +(cothej=cetﬂej+i}yz ».cot&ejyjz~yjy for 1 < j « N {16)
y '+(cetAelean)yz m'cotABNyNz‘w Yy for § = N
. _ yz/éin56j+1_ - for j <N |
3 | 0 for § = N | | (a7

These results indicate -that there are only two unknowns in each segment, Aj

and .C However; there is one more segment than interier coutrel peints which

i
meaQSAQne‘of.xhese,ceeffﬂsients is arbitrary. nge-Al =.1 is used arbitrarily
(unless_the;cmnic-sectien;requires'Al = o) and;the independent unknowns become.
Cl‘ Cj’ Ajl(j,aﬁzaaunﬁ N)DE‘If-therF we;e_ga many data points as unknewns, and
if seme conic section could be made to pass. through these dats peints, then
eq..{l4) could be applied to all the data points te give (2N-1) linear equations
for the (2N-l) coefficients Cf°‘cj? Aj‘far Jo= 2,000, Noo Hawéverp,the:e are.
generally more than (2N=1) data paints,‘anq if eq, {lé)-were applied to all of
them an'overdetermined system of linear equations (see ref, 8) would result.
Therefore, a,leasthquares.solutian of the overdetermined system is used.to

determine the céefficientsﬂiD cji A, foxr j = 2,°°°y Ns Thie procedure.is

h|
described .in Appendix-B, After obtaining the coefficients in this manner, the
inequality of eq. .(9) is checked for the possibility of complex roots for z in

each segment. - If the inequality of eq. (9) is not satisfied, the coefficient ¢



in. that section is replaced by the value obtained using the equality sign in

eq. .(9). ' As mentioned earlier, the coefficlent C, does not affect the slopes of

|
the curve at the end peints of the segment, and hence Cj does not affect othsr
segments. The equality sign in.eq. (9) gives 2 straight lines as shown in
Figure 4, -

In order to solve for z as a function of y from eq. (l4), a quadratic
equation must be solved and the proper choice of the + or - sign must be
determined beforehand for each segment., It is shown in Appendix A that in order

to make z = 0 at y = yj (a control point at the end of segment j), the + sign

must be used if (A/m), > 0 and (A/n)j < 0 , and the - sign must be used if (A/m)j<0

k|
and (Mn):i > 0. '

Once the coefficients Aj and Cj are determined, all the conic sections are
completely defined for a given cress—-sectional plane. In order to put these
results iato a form suitable for "blending" the cross sections in the longitudinal
direction, the conic section for each segment is redefined in terms of 4 points
- the two centrol points at the ends of the segment, a slope point which determines
the slopes at the end points, and finally an intermediate point on the curve
between the end points(see Figure 6). The 3 points on the curve and the two
slopes at the end points of a. segment are sufficient to determine new coefficients
Al’ AZ’ A3, A4 , and AS for the genersl conic sectionp**

§E+AEZ+A

-7
Ay + 4 3 4

” Y+AzZ+1 = 0 (18)

*Note that in order for a.conic section to pass through the control points,

nj <D 1if “ﬁ > 0 and nj = 0 if “ﬁ < 0. -

%*%Note that the conic section given by eq. (18) must have the constant 1 replaced
by 0 if the curve is to pass through the origin vy = 0 , z -4 0,

12



in glebal cocrdinates §9§. (see ref, 1), This process is dene for each segment
in a cross section, and the 5 coefficients will become functions of the lengitudinal
coordinate ;;yhgp blending a sepment of a_ cross section with corresponding sepmencs

v

in the other cress sections.

Longitudinal Vaviation of Cross Section

In -order te-determinerthe longitudinal variation of -the coefficients in
eq. (18), a three-dimensional curve is fit through each.of the & points used to
define the cenic. section of corresponding.segments (see Figure 7). In conirast
to the cross sectional data points, these curves must pass through each of the
points in the longitudinal direction. They are represented by their prejectiocns
in the x-y and x-Z .planes; hence; two planar.curves are used to represeni each
three-dimensional curve, The parametric method of cubic splines (vef., 9) is
used to curve-fit each planar curve, with the chordal distance berween the
coerdinate points-as the parameter, Thé parametric spline allews infinite slopes
whereas the regular spline will not. To facilitate the application of the spiines.
glopes .in the lengitudinal direction are calculated at each cress sectisn from
the parametric spline. Then for the region between twe successive cross sections.
the ; and z coordinates of a three-dimensional curve are represented by cubic
polynomials in-x with the coefficients determined by the coordinates‘and slopes
at the two cross sections. When the slope of a ccordinate at a cross section is
infinite, then that ceerdinate is represented by a conic sectien for therfegion
between that creoss section and the one follewing it., If a longirudirnal curve
should not.give the desired variation, slopes,at selected cross sections may be
medified by the user. .

Conslder now the lengitudinal variation of a conic section, In each cress-
sectional plane; eq. (18) wili hold bui-ﬁhe coefficients AI; Az9 A3a A4¢ &nd AS

will vary with X. As mentieoned previously, these coefficients are determined

L3



by 4 defining points (the two control points, an intermediate point, and the

slope point).  For each segment, the 5 equations used to determine the coefficients
Aq {q=1,-++, 5)are formed by applying eq. (18) to the 3 points on the cross-
sectional. curve -~ the two control points §°, Eo and §l° El ., the intermediate
point §h° z, =— and the slopes at the ends of the segment using the slope point

h

- - *
Ygs Zg (see Figure 6). This procedure ylelds the following 5 equations:

5
6 A = =1,°%", 5 19
Zl pq “q dp p v b (19)
q
where
w1
-1
4 = (20}
p ""‘1
-2
-2
and
-2 - - -2 - -
o] yOZO ZO yQ zO
-? - - -2 - -
71 1% %1 71 %
. _ 2 o s _ _ (21)
Pq Vi, Yh?h zy h “h
2§0§S (;"OEB“-;EEO) ZEOES (§D+§S) (£0+ES )
2y Gp2gvz) 22z, G G

*The two equations for the slopes were combined with the first two equations
(p = 1 and 2) to obtain the last two equations (p = 4 and 5).

14



At -any longitudinal position; eq. (19) can.be solved by any standard matrix
inversion routine, such as SIMEQ on the CDC computer and SIMQ on- the 1BM computew,
. to determine the.coefficientszAqu,-The-derivativgs qude:and dqufd§2 can be
obtained by differentiating eq. (19) and successively solving'thé.resulting system of
linear equatiens. The elements of GPQ and their. derivatives with respect te X
are obtained from the three-dimensional cﬁrves which were spline-fit through the
4 pointsg used to define the conic seétion for that segment in .each cresg~sectional
plane.
Geometry in Pelar Coordinates

For-some:applications‘it is convenient te express the geemetry in poelar

coordinates x, f, and ¢ where f = f(x,4) is the radius in a cross section measured

from a reference peint Ypo 2. 5 ice.

= 1G5 )% +G-zpht? (22)

The reference poeint may be taken as ;r =0, z_

r = 0 , but in some cases f is notr

single valued unless a reference point is chosen off the x axis, The angle ¢ is
given by. (see Figure 8)

b= tan @2/ G-F 1, 0 <6 < 2 (23)

with $ = 0 correspending te the line z = Er and ;-§r >0 , - Since ;»;r =.f gosd

and EuEr = f gin$¢ ; eq. (18) in polar coordinates becomes

722 4+ BE + H = 0 | (24)
where .
2 -2 )
T = Al cos ¢ + A2 cosd sing + A3 sin”¢ ‘ (25)
B = (2Aly + 2A22 + A4)cos¢ + (2A2y + 2A33 + A )sin¢ {26)
=2 - - =2 _
H= Alyrr+ oY 2y 3 r + Aay + Asz + 1 (27)

15



Figure 8 illustrates the polar ceoordinates in a cross sectional plane.
When solving eq. (24) for f from the quadratic formula, the + or = sign
must be determined beforehand. To determine it, apply eq. (24) to the control
point at the end of the segment (j~1); where f = fj and ¢ = ¢j are known, tec obtain
H=-T f2 - Bf, 28
B R b (28)

Substitute H from this equation into eq. (24) and solve the resultant for f from the

quadratic formula to get 1,2
-Bi[B2+4T(T £2 + ijj)]

= 33 ‘
f = 7 for T ¢ 0 {29

Now when T='I‘j and B=Bj » 2. (29) gives fEfj if the + sign is used when Bj+2ijj> 0
and the - sign when Bj+2ijj <0 . At this longitudinal location, this same sign

is applicable for any other value of ¢ within the circumferential boundaries of

this segment, In general, the sign muét be determined at each longitudinal position.

The derivatives 3£/d% , 3£/ ¢, 32£/3%? , 32£/0¢%, 32€/0% ¢, and even higher deriva-

tives; are obtained by differentiating eq. (24). Note, however, that the coefficients

Ajy Ay Agy A, and A, are functions of X « These coefficients and their derivatives

5

are determined by the method described in the previous section.

COMPUTATIONAL ALGORITHM

Given the set of data points (;k,ﬁk) in eross sectional planes at several long-

itudinal statiomns,

(1} For each cross-~sectional plane, divide the data points into segments so
that a conlc section can be curve-fit to the data points in each segment
by the least-squares technique developed herein.

(2) If the curves fit to the cross sectional data points are not satisfactory,
medify them by one of more of the following methods: (a) define new
boundaries (control points) for segments, (b) specify slope(s) at control

point(s) (slopes may be finite or infinite and continuous or discontinuousj.
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(3)

(4)

(=)

(6)

(c) specify selectéd segments a8 straight linmes, (d) :a specific conic’
section can be -specified for a segment by prescribing the slopes .ay the
ends .of the segment andfgsidgronly 6uew&atum point -between the end control -
points.

Répfesent the conic section for each segment in a cross-szectional plane in
termé of . the twe control peints at the'ends,af the pegment; an intetmediats
point, and the slope point (see Figure 6)5, 

For each point found in step (3), spline-fit & three-dimensional longitudinal
curvé through it and the carres#anding points in sther cress-sectional
planes (se& Figure 7o

If the longitudinal cutves are not satisfactory; modify them by one or mote.
of thejféllawing.methadss (a) specify slope(s) at longitudinal starion(s)

(slopes may be-finite or infinite gndrcontinueua or discontinucus), (b)

‘ specify selected longitudinal segments as straight lines; .{c) redefine

the boundaries (control points) of the segments in the cross-sectional planes
86 that the pcints used for the longitudinal spline~fit form & smeoth curve.
The geoﬁetrical.propertias of,the-aurfaQE'may‘be computed in polar tosrdi~
nates at any pesition %, ¢ by thé.following stepsy |
a) Locate E_betwean twe censecutive leﬁgitudinal stati@ﬁsa‘and then
lecate the cfoas»aectional segment;which,ceqtains $o.
b) Use the spline fﬁnctien to calculate the coordinates, slopes, and
segend - derivatives of the 4 longitudinal curves fof this segment at
x ({see Figure 7).
c) Gglculate_;heiceefficients,Ap(p-l,uWQQS) of the conic pection at this
location by use of gq,(lg). 'chermine:the first and‘secend'derivativea
of:Ap with‘respect_to % from theafirsgland;secand derivatives. of eq, -

(19).
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d) - Calculate the body radius f frem eq, (24), and the derivatives
aefax, Vff¢, B2E/%%, 8%/ % 328/8% 5y , and wvuen higher
dexivatives from darivatives of eg. (24).

(7) After & satisfactoxy surface fit has been shtained,; the dsta which must be
retained for a ga@métmy subgoutine package are the coordinstes and longi=
tudinal slopes of the longitudinal curves at those longitudinal stations
where cross-sectional data points were given. Then, the geometrizal
preperties of the surface can be calculated at any position by the method
outlined in Step (b6) above.

Appendix-C degcribes a computer program writtem for the IBM 360/175 computer

te perform this computatiocnal elgorithm. This appendix alss describes the inpué -

and output data for the program.

APPLICATION TO 70° DELTA WING

The surface fitting method developed herein is applied to the 70° slab delta
wing shown in Figure 9. The computer pregiam described in Appendix . C was used tc
calculate the results; which are presented in Appendix D, This example was chesen
because it illustrates many ef the options available to modify the longitudinal
curves and because the results can be compared with -an exact solutiom.

Cross—sectional data are input at the 3 16ngitudina1 stations shown in Figure 9
and, due to symmetry, enly the first quadrant is ﬁsedo Two segments (thres control
peints) are needed to represent the cross section at x=10, The first megment is a
straight line and the secend is ane-fourth‘oann'ellipsen. The least-square curve-fit
technique represents the ellipse exactly by specifying a zero slope at control point.
in2, an‘infiniﬁe slepe at control peint =3, and one datum point between theue two
centrol points. Although twe ségments must also be used for the other two croge sac-

tions; only one segment is neceasary to specify the ecircle at ¥=0.65798 and the
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éllipse at x=1,0, - Therefere, the first two data points; which .are alse contrel peints,
are made coincident. - Then the exact curves are calculated from the least-adquare curves
fit-by specifying a zero slope at control peint i=2, an infinite-al@pe-atrceﬁtm@l
point j=3, and one.datum point between these two.conﬁrql;peintso. The exact location
of -this datum peint,is~irrelevant;§xcept.that it must . lie on‘thé\deaired CUrva.
Reﬁallxthat'aach'threevdimensienal 1oﬁgitud1§al curve .is ‘represented by itz
projections in the x-y and.x-z planes, Thé:;fqre, 16 longitudinal plansr curves are
used  for this example‘ca.for each-cress—seétioual~segment)o' Medificaﬁians are made
to the initial spline fits to 14 of these curves eince their exact shapes are readily
obtained from Figure 9. The initial spline fit te the curves 21 for segment 1 &and yl
for segment 2-gre correct, and thus no mo@ificationg are necessary for these two
longitudinal eurves ., |
The geometrical properties f and its darivstives are listed in Appendix'D for
the circumferential anglas ¢1= 0, n/6-. nl§ , and 'ﬂ/2,at x=.0.3, 1.0, 2.0, and 5.
The results at x=1, 0, 2 0, and 5.0 are exact (within the accuracy of single precisien:
on the IBM 360/175 cemputer)D whersas .some, inaccuracies are noted at: xﬁ@ 3; Here
the cross section is a circle, thus- the exact selution gives 3 £/5¢=0, 32f/3¢2'n0¢
32£/3 % ¢ =(), and-the,derivafives af/ai and azfjﬁﬁz ghould be independenﬁ ef ¢-
The surface fit could be made nearly exact at'al;-pasitiens by modifying the slcpes
of the‘langituginal-cu:ves.;ﬁ and';ﬁ for the second cross=sectional segment at

%=0,65798.

CONCLUDING REMARKS _
An algorithm has been developed for surface fitting three-dimenéional bedies, -
Data . points in several c:ess—sectiénql planés of a .body are required as input data.
The data peints in each-cross sectien are then divided into aégments, gnd & leamt~

sqﬁares technique is used to curve fit porcions of gengral'eanic sections to the
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data points in each segment, The longitudinal variation of the cross sections is
established by fitting parametric splines threugh.the coordinates of points used to
define the copic‘sectians in the cross-sectional planes.  If the surface fit is
unsatisfactory, it can be modified by specifying slopes at the ends of segments our
requiring selected segments to be atraight lines, The surface geometry can beet be
analyzed through the use of an interactive computer graphics envirsnment.

After a satisfactory surface fit to the body has been cbtained, data cards can
be punched and used with some of the subprograms to form a gecmetry subroutine
package.  This package is convenient for use in other computer pregrams requiring
a. mathematical model of the beody geocmetry, It will calculate the body cecrdinates,
slepes, .and second derivatives. Computational time is short, and the amount of
storage required ie relatively small. The calculated data could also be used as-
input data for Ceon's patching method (ref. 2), if the user should desire te empley

that methed - in place of the one developed hera.
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APPENDIX A

Solution for Conic Section Equation -

f{Substituteleqsa.(Z),.(3),J(7}. and (8) into (1) to ébtain the conic

section in the form
. 2 !

C.z" + P .2 +. - :

TR O

where

Py

amd

Q = j:r(sr—:sf:])
The solution of -eq. (Al) is

2= (=P, + 3§12>/(2cj) for C, 4.0

b
where the discriminate is given by
2

leﬂlpj - 4Cij

In order to obtain real roeots for s‘fiom eq; (A#)J eq. (A5} must give

R, >.0 fox O <y <.y,.
e

First, note. that eq.(A5) gives-kj >.0 when.AjGjlg 0,: Also
2 2
SR, = (A . > 0 Lty =0
and
R, = @amiy? o0 at y =y
3 ) 373 - 3

& . [(A/m):i + (A/n)jly "‘.(A/m)j_y'1 |

(Al)

(A2)

(A3

(A4}

(A3)
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Thus the possibilities are illustrated below.

L
i 0 M,/
range of
real roots, R, > 0 complex e

3 Toots
The minimum value of - A C, which still gives veal roots corresponds to the -

N

case illustrated below

Ry

0

* *
The minimum. value of Rj oceurs at y =y (0 <y < yj) where beoih Bj =
and d_R,j/dytm‘O° The solution of Rj = 0 and‘deldy = 0 , using eq..(A5), ylelds

the mininum value ofsAjCj as .

( Cy¥ = (AJm)J (Afn)j (A6)

Thus eq. (A4) will yield real roots for z if
. 4 7z
The choice of the sign to-be used in eq. (A4) is determined by requiring

- the equation to satisfy the. coordinate of the control pointa z = 0, y = 0
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and,;z =0 , y=y% For the first control point, y = 0 in eq. (A4) gives

j Ll
~(ammy 3, + L)yt

Y
2 = 56 1] (A8)
264 . ]

and then z = 0 .requires the + sign if (A/m), > O and. the - sign.if‘(Aﬂm)j_é 0.

h|

At the second control point, ¥y = y. in eq. (A4) gives

J

ROR? :_;<Aln)§y§]l‘2 (49

203

z =

and 2z = 0 requires the - sign if (A/n)j > O,anﬁ the + sign 1f (Afn)j < Q.
These conditions. are all compatible because a conlc section passing thiough
the,fwo con£r01 points will have nj < 0 1f ua > 0 and;nj‘> 0 :‘Lf"m.:1 < 0, The
sign given by these conditions éan be used in-eq. (A4) for all values of y‘in‘

the range 0 < y.< Yj?
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APPENDIX B

Least-Squares Solution for Conic Section Coefficients

Eq. (14) cannot generally be satisfied at all data polnts because
there would be more equations than unknowns. Accoxrdingly, eq. (14) is applied

at data point k and rewritten as

2 .
A, + + v, A T+ C. =1, BL}
*i.k 51 BJ,k AIIRETS 5 1> SR sk (
where o and are the values of o . evaluated
e i,k ’ BJ Kk ° Tj k | j 3 js Vj
at y = Y + 2T % in segment j; and rj K s called the residualu The lesst
]
squares solution of the overdetermined system of equations determlnes the
o1l o vl O oo m FE O O» L i sved Liiw erxsioy Joxnros owd ads
coefficients G c*j , Aj (3=25 -+ ,N) whiich minimize the sum of the residuals
s eT e 6o haew, DU 80 DoUlPioool sBdiy od mavlz ngle

squared (see ref 8)

v o 0 sgasy sl
Define ¥, as the data point number which corresponds to the first control

]
point in segment j. Square eq. (Bl) and sum over all the data points in
continuous segments j=1,°°°,N to obtain
K.

N §+1 §+l 9
o, A, + B, A + +y C = 4 B2
L Loy byt * B3,y + Ty G E Lo Ty B9
=1 k=K,
b
The right side of eq. (B2) is minimized by the system of equations obiained by
setting partial derivatives of eq. (B2) with respect to the independent
coefficients equal to zerc. The result of setting partial derivatives with

respect to A2’°°°’AN equal to zero gives the following system of equations:

am,lA'm—Z + am,ZAmrl + am,BAm + am,AAm+1

Tag shg Yap gt St gl T O
mﬂ! 2’910’N (33)
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The result of setting partial derivatives with respect to Cl

zero gives the.following additional system of equations:

bﬁ;lAmﬁl + bﬁ,zAm“* bm;SAﬁ+l,+ bm,ACm =.0

in u‘,l.""“,N

The combined system of esquations, i.e., eqs. (B3) and (B4), gives a system of

(2N=1) linear equations foxr (2N-1) coefficlents: The parameters used -in eqs. -

(B3) and (B4) are defined as follows:

K
Em
a . = o Y
Wl o welk omelke

Km+l_

R, -
®n,2." EE_K P,k Toel,k ¥ kEK “a,k Puk
“m-1. m

Kookl

K K
m . r+2
- 2 2 2
3"k Tere YL faxtl
m=1 m il
Kb K2 |
am’a = 2. Bm,k‘ym,k +_Z ; %1,k Bm*lsk

k@Kﬁ k=Km+1_

Kart2.
a =1

R

%oel,k Yarkl,k

K .
2 .
2,6 ) Y To-1,k
kPKm-l‘
Ko q. .
ﬁ.m’-? = .E,PK Vk Bm,k
kek

Corkl k-

-a°°ﬂ,GN.eqmal to

(Bd)

(85)
(86

(87)

(B8)

(B9)

{B10)

(311)
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= 2 B1%}
%, 8 E=K Tk “mtl,k (B12>

]
ba,1 = %18 (813)
bms2 = am,7 (B14)
Pm3 T 2m,6 LBL2)

K

meh e K
m

Note that if slopes should be specified at selected control points, then
the least-sgquares soclution described above is applied to the seguents iﬁbatween
two consecutive control points with specified slopes. The minimum numbexr of
data points (exclusive of the control points) that can be used in the least-.
squares solution ig one in the first segment and two in each of the following
segments. Any conic section can be prescribed for a segment by specifying
the slopes at the ends of the segment and one datum point on the curve between
the two control points. In this case eq. (B4) for m=l1 is the only equation to
solve, éﬁd the least-squares technique determines the conic section which satizrfies
the specified conditions, provided a conic section can be fit through the
prescribed slopes and datum point.

In the solution of the combined system of eqs. (B3) and'(B-ﬁ)D the terms
GN+1ak and Tﬁ+lgk must be ihterpreted as zero., Hence, the coefficients Ao°
AN+19 and AN+2 do not appear in the resulting system, and recall that A. = 1

1

unless the conic section should require A 0,

l=
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APPENDIX C '

Description of Computer Program-

Iwo computer pr@grams are-deacrihed here. _The firsr determinasath@ body
geometry and - allowa mogifications to be made to cross sectional and logirudinal
curves until a- aatisfactory geonmetry is achieved:; The second program uses data
cards punched from ;heffirsq:pragram.along‘withusome‘ofgthe subroutines to- form.
8 geometry aubroﬁtiﬁg\égcksga‘for uge in other cowputer pregrams. Both computeyr .
programs are written iﬁ FORTRAN- IV for thefIBHBQOIl?S computer,; but with a small,

number -of .changes they can be used on the CBC:computers.

Program for Determining Geometry
The, following aubp:qgrams are.ca;led from the main program or iis sub-

programs: GEOM, ;INGEO, -LSTSQ, FZ, SPLX, SPLINE, FCN, DERIV; LINEQ, and STMQ.

Geometry Subroutine Package -

After the P;pgraq for Determining Geometry has been medified ta.yleld a
satisfactory geometry. cards are punched by .setting NP=l in the -inpug data
(see Description‘of‘lnput) Then theae‘data~carda along. with-subprogzams GEOM, .
FCN, DERIV, LINEQ, .and SIMQ form a geometry. aubroutine package which tan be
used in other: computer programs for determing the body tadius end its: dexivatives .
at prescribed 1ocqtiona ‘x'and ¢ . The statements nacessary:touusa this gesmetry
‘aubroutine-package‘inhanother computer program arexgiyen below ﬁndét‘the listing

of -the Main Program for Geometry Subroutine Package.

Main Program for Determining Geometry .

- This main program calls subroutine INGEO which, in turn, calculates all the
parameters necesss&ry tejdeactibe;thé geamet:y,‘and punches thils -informatien on cards

if desired. The body redius F and its derivatives FX, ¥FP, FXX, FEP, FXP are

27



calculated at prescribed locations % and ¢ , and the geometry is analyzed
to see if it is satisfactory. Modificatlons are made to the geometyy wntil ih

is satisfactory.

Main Program for Using Geometry Subroutine Package

The main program of some other computer program which uses this geometiy
subroutine package should have the COMMON and READ statements shown in the progrsw
listing., A CALL statement to calculate the body redius and its derlvaiives at

prescribed values of X and ¢ is also listed.

Subxoutine GEOM(H‘PHQ YR” ZR, F9 _FX, FPQFXXg FPP,FXP)

At a given location (x,. $) and reference point:.@é9 Er), this subroutine.

calculates -the body radius and its_derivativesi The arguments for this subirouiime

are?
ng' PH ;;'ll ¢
YR, ZR _ “r, Er
F, FX, FP F, 3f/3x , 3€/0¢

FXX, FPP, FXP- 32f/3x2 , 9%£/84%, 32£/0%09

Other program variables axe:

CP, 8P - cosd , sing
T, B, H. parametere defined by aqs. (25), (26), and (27)
TX, TP 3T/9% , 3T/2¢

TXX, TPP, TXP 2321/3%% , 221/24%, 32T/3%9¢
(similar definitions for BX, BP, etc.)

This subroutine is called from the Main Program.
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'Subroutine INGEO |

This subroutine teads part of the input data and ealla other subroutines
which read the remainder of the input data. Whan prescribed, it alsc punches
cards with the &ata necessary for the- Geometry Subroutine Package. Program
variables are deacribed in.Description of Input and Output, and subroutines -
LSTSQ, . SPLX,. FCN, and DERIVQ-nIhLS‘sqbroutinenia called_frem;the Main Program

for Determining Geometry.

SubroutineaLSTSQ.(IT; NY)

This subroutine reads input dapa pertaining to & cross section and applies-
ithé*le,astf-_squa,res~téchniqua_déécripéd-hetein to‘defermine'the-cohie se@tians for
‘each segment of the~c£obs séctioﬁa The dummy arguments for this subroutine ares;

* . ) 1
IT  longitudinal station number | |
Nf~ type.of nose. spacified (see Description of Input)
The variables involved with the READ and- WRITE statements are defined in the.

Descriptious of Input and Qutput.. Other program variables-are

A(I) B(I)s C(I-)s D(I)n E(I>, GN(I) o
See Description of Output

(1T, 3, K

AM j/m in gqel(g)

AN - | Aj{gj in eq. (9)

AMN - (Ajfmj) (Aj/nj) in eg. (g)

AL; BET, GA oy, » By » 80d vy, in eq. (31)

BM(I), Bz(I). Calculatgd-§; E“correaponding.to iq?ut-data points

CAC - A.C;
33
G(I,J) coefficient matrix for the system of eqs. (B3)end . {B4) plus
the equation A(l) = 1.
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ACI) initially constant vector for the right side of the system
of equations GX=A. After calling SIMQ the solution wveator
X is stored in A,

Xc(I), YC(I) § and z coordinates, respectively,'of control point J
IM, ZN glopes 'm.j and n, in local coordinates
If inequality in eq. (9) is not satisfied, the message CAC LT AMN is printed

along with the value of AMN and I, Then C, is replaced by the value obtained

3
using the euality sign in eq. (9).

This subroutine is called from subroutine INGEO only.

Function FZ(XX, I, JJ, XXB, YYB)

For a given cross-sectional segment and local coordinate y, this function
calculates z(=F2) in local coordinates and then transforms the point {(y,z) to
global coordinates (y, z)., Eq. (A4) in Appendix A is used to calculate z. The

arguments for this function are

XX value of loeal coordinateKy
I segment identification no.
JJ segment number

XXB y

YYB z

This function is used in.subroutine LSTSQ only.

Subroutine SPLI(NY.NJ)

This subroutine fits a cubic spline through longitudinal points to form

longitudinal curves, The initial spline fits may be modified by specifying slopes

or straight-line segments at selected longitudinal stations. See Description of
Input Data for variables in READ statements. The arguments for this subroutine
ares

NY nose shape (see Description of Input)
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NJ number. of lengitudinal curves to be modified
Other pregram variables are
- YEL(I,J;K) left~handed slope

baefDéBcriﬁtiéﬁAof édﬁput
YXR{I;J;K)- right~handed slope.

XP(I), YP(I) parametric slopes dy/dS and: dz/d4s where S is the cherdal
distance between. data paints

This subroutine .is called from subreutine INGE@ only.

Subroutine SPLINE (H,BE,K;AM,E,G, N, FP)

For an arzay of dependent varishles, this subroutine“soivga the tridiagonal
matrix system of algebraic equatiens td*determihe'the.ceefficientszand‘slmpes
for the cubic.spline function as described in ref. 9. The dummy arguments for-

this subroutine are

T

H{T)- : array‘representing‘differencéﬁbetween-3+l=and~J~indepep&ent
variables
DE{J) array of dependent”variabléa'
" Ko number of peints, 1 j‘J‘::k~
-AM(J) | array of coefficients for spline function (second derivatives.
' at<eag§“peint3
E,G slope at the. firgt-and end points, respectively
N flag to.describe end canaitiqns of splipe fit,
Noe =2 indicateszM(z)‘= AM(1) and AM(K-1) = AM(K)

are used in- place of specifying E and G:

Ne =L indicatea AM(1l) =0 and AM{K) = 0 are.
- used in place’ef specifying E and G

Ne 0O indicates E is specified but AM(K-1) = AM(K)
is used- iniplace of specifying G

N = 1~ indicates beth'EAand‘Gnare‘specified_

Thisasubrogfiqe-iaucalled-frqm-subrautinesSPLxronlyﬁ



Subroutine FCN(L,J,XX)

This subroutine calculates the y and z coordinétes Cf & alilg
by using a cubic variation in ¥ between longitudinal stations., 5i..:»
devivatives of these coordinates are also calculated. The coefri.ieu -
cubic variation are determined by the coordinates and élcpes ai. tha Lwe <o,
stations which surzouna the longitudinal position XX. If che slopz -

el station just aft of ¥X is infinite, then the conic section

%)

Ay? = Adx + BAx?

iz used for this segment, where

by =y - y(I-1) and Ax = x - x(I-L)
The coefficients A and B are determined by requiring the curve 1o pess Thio . !

coordinates at stations I and I-1 and have the prescribed slopes at thesz s:uv.

The arguments for this subroutine are

I first longitudinal station which exceeds XX
J cross-sectional segment number
XX longitudinal position x

Other program variables are

YER(I,J K), YXEL(I,J,K) See Description of Outpuc
YY(I,J,K) See Description of Oucput
YL{L.,M,N) parametzrs which are calculated at x = XX wi. e

L =1 to¢ y and 2 for z

M

I
.

tor yo(zo if L = 2)
M= 2 for y, (2. it L = 2)

M= 3 fo: y (EhifL=2)

n
M= 4 for y_ (zS if L = 2)° (see Figure 7)
=
N = 1 for coordinate, 2 for derivative oFf cCos.diaa: .

respect to x, and 3 for second derivaiive
This subroutine is called from subroutines INGEO and GECOM.
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SﬁbgoutinefDERIVf
This subroutine uses the perameters YL(L,M,N) calculated in subroutine FCN to
”\.calculatq‘:he;ceéfficienté;Ab(pﬂl, ss0p 5) and their longitudinal derivatives. fiom

eq. '(19). Program variables- are

AA(T) initially d, as given by eq. (20); after calling SIMQ it:
becomes-APa .

AX(I),-AXX(I) d@pidi‘, dzAb/dEZ

e(1,3) Gy (eee eq. (21))

GS(I, 1) temporaxry storage for G(I,J)

= - )
GX(L,J), GXR(L,D) deq/dx 9 dchq/dx-
YL(L M, N ) see description in subroutine FCN
This subroutine is called from subroutines INGE® and GEOM. If the.conic section
should be & straight ling, - the dete:minant'of‘qu is zero; and the selutien is. obtained

from subroutine LINEQ. -

Subroutine LINEQ gc,aa;

This subroutine .solves the two linear equations

G(1,4) X(1) + G(1,5) X(2) = 4A(1)

G(2,4) X(1) + G(2;5) X(2) = AA(2)
for X(1) and X(2) and then stores the solution in AA(1l) and AA(2). - The parameters
AA(3), AA(4), and AA(5) are set equal to zero. If the determinant.ef the ceefficients
of the two equations above should be zero, the message 'DENOM IN LINEQ 18 0" is:
printed. This subrgutine is called from subroutine DERIV whenever the conic sesticn -

is. g straight line. -

Subroutine SIMQ (G,A,N;K;KS)

This is one of the'scientific;subreutina packages in. the IBM library toc zolve s

gystem of lineayr equations GX=A, For the CDC computer; this subroutine may be



replaced by SIMEQ. The arguments for this subroutine are
G{L,J) coefficient matrix in system GX=A,

A(L) vector A in the system GX = A. On return to calling prograx, <he
soluticn wvector X is stored in A,

N the maximum order of G as stated in dimension statement =i
calling program.

4 the order of G; 1 <K <N

KS - flag te indicate a solution is obtained or net. K3S=1 indiratss
no solution.
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Appendix C {Continued)

Dgscriptien of . Input.
- The: input data for the computer program are described in rthe follewing steps
which-are alse in.the proper -sequence.
Step 1.
REAB\(l,loﬂ) NAM

100 FORMAT (20A3) -

READ (1,102) NY, NX, NCT, NJ, NP
162 FORMAT. (515)

The ‘read statements-for this step appear in subréutine INGEO.

NAM- nane used for body designation

NY 1 for blunt nose, 2 for sharp peointed nose, 3 for cut - off nose
(i.e. the body radius is non.-. zero ét the nose)

NX number of lengitudinal stations where ‘cross sectional data ararta
be‘ipputf, The nose station is included in NX although cross seciicnal-
data . are not required there for blunted and .sharp-pointed neses.

NCT number of contrel pelnts specified for all of the cress sectlens.
Some control points may-be made coincident if a cross section should
require less than this number of centrol points.

NJ number ef-longitudinal‘curﬁes to be modified by specifying slopes
or straight lines.at #elected longitudinal statiens.. Nete that.
there are 8 longitudinal curves for each segment in a cress section
since the 4 three-dimensional .curves shown 1n Figure 7 are tepre-
sented by their projec;ions.in the x -y and X ~.z flanese' Alse,
note that the lengitudinal curve threugh contrel peints is common te
adjacent segments, and modifications made to it must be input for

both segments.



NP if carde axve to be punched with the data necessary to use a geometxy
subroutine in some other computexr program,NP=1l. If cards aike not
be punched NP# 1.
Step 2.
The 4 following statements are listed in subroutine INGEQ.
DO 2.1I=1, NX -
READ (1,103) X(L)
103 FORMAT (®10.5)
2 CALL LSTSQ(I,NY)
The statements below appear in subroutine LSTSQ.
READ (1,101) N,NLT; NST; N2T-
READ (1,101) {NC(J), J=1, NCT)
101 FORMAT (16I5)
IF (NLT.GT.0) READ (1,101) (NL(IL), IL=1, NLT)
IF (N2T.GT.0) READ (1,100} (N2(I2), DX2 (I2),D¥2(I2),12=1, N2T)
IF (NST,GT.0) READ (1,100) (NS (IS), DXX(IS), D¥(IS), IS=l, NST)
100 FORMAT (I5, 2F10.5)
READ (1,102) (¥B(X), YB(K), K=l,N)

102 FORMAT (8F10.5)

RETURN
The tread statements in this step pertain to the Information necessary to sstab-
1ish the curves in each cross sectional ‘plane.
(1) value of X.at longitudinal station I, where I=1l, ..., NX.
The information listed below is not required for the first longitudinal station
(I=1) on blunted and sharp - pointed noses.

N number of dats points for this cross section. This number mey vary
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NLT-

NST-

N2T

Note: -

from ‘one 'cross aectien to .another. .

nunber of segmenta to be specified as ‘straight lines. .

number of contrel points where left - handed slopeg are to be.
spegified -

number of conurol‘points'whgre right - handed slopes are .to be .
specified

The  left - handed(élape,at a.control point. is défined as the-al@pe,,
in global.coordinates (¥,z),0f.the segmant'which ends at the contrel
point, whereds the right .- handed slope=isidé£inedras the slope of the
segment which;begina at . the control peint.. If:the‘ﬁl@pé‘at}a |

control .point 1s continuous, the left - handed slope is the same as.

" the right .~ handed slope. A left - handed slope may be specified at

control point NS(IS). as dz/dy = DY(IS)/DXX(IS), and this valué is
also used as the right - handed slope there unless ‘a right =
handed slope .18 ‘specified or @ straight - line aegment-begins~therea

A right - handed slope. may be apecified -at .contrel point NZ(IZ) as

. dzfdy =. BY2(12)/Bx2(12) providad 8. left - gg ded alege has _8lready

bgan“gpecifieg‘a; this gsame contrqlvnoiggo: Biseontinueue‘alopas;

at ‘the beginning-br-end of a straight - line segment are specified -

by dz[dy DY(IS)/BXX(IS) at control point NS(IS). Slopes are’

specified in global coordinates (y.z} by & numeratosr and.a denomi=.

‘nator so that zere and infinita-slopaa-may be. inputa- Thalfi:at-sagmenﬁf
of a cross 'section (J-l) must ba either -a straight ling ‘ox hava the -

_alope. apecified there [by dzldy - DY(IS)IDXXCIS)] Alseagthe-lagt

segment (J = NCTv-l) must aither end-wiahva straight line or have the

slope " specified at, the last control point (J = NCT) by dzldy -

‘mY(IS)lnxx(IS)
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NC(D) datd point number .o be designsted a contrel peint. The first zad lasc
date poinks must be contx§l-points, and also NC(J+1) = WC(JI).
NL(IL) number of & segment .to be designated as & straigh;'limeo
N2(12) centrel p@int-ﬁumbez-wheta a right = handed .zlope ;s specifiad.
(see note above.) _
DX2(I2) denominator of right — handed slope dz/dy at control poimt N2{12).
DY2(I12) numerator of right - handed slope da/dy  at control poimt N2(I2).
NS(18) eontrol point gumber.whé:e ajleft_m haﬁdsd‘alopa im specified.
(see note above). -
DEX(IS) denominatox of laft - handedlslppe'd;/d; at control point NS(IS).
DY(IS) numerator of left - handed slepe dEId§ at control point NS{IS)n
 ¥B(K) - ¥ coordimate of input dats point K.
YB(R) z- coordinate of iaput .data fﬁint K.
If this c@mbuter program 1s to be used with the body geometry
expressed -in polar coordinates, the first data point (K = 1) must be
on the line ¢ = 0 and succeeding data peints should have ¢(K+1}y=¢(K)
relative ta-the referenice point ;r.Er‘(sae-Figura 8).

The read statements in this step read data for all the cross sections before

. proceeding teo Step 3.

Step 3.

The following zead statements are listed :in aubroutiﬁe‘SPLX'and repressnt modi-
fications to the longitudimal curvea:‘ If‘né longitudinal curves are Lo be
modified from the initisl apiiné'fita,‘then-NJ‘ﬁ'O should be input in Step 1

and the read statements in thip step will-be'by - passed.
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IF (NJ.EQ.0) RETURN
PO 17 IJK = 1, NJ
READ (1,100) J,K,; MLT; MST; M2T, MIT.
100 FORMAT (16I5)
IF~(MLTsGin0)‘READ-(laIOO) (ML(IL), IL = 1, MLT)
101 FORMAT (4(I10,F10:5)) |
| 1F (M2T.GT.0) READ (1,101) (M2(12), bY2(I2), I2 =1, M2T)
IF (MST.GT.0) READ (1,101) (MS(IS), DYX(IS), IS = 1, MST)

?F (MIT&GT&@) READ (1.3100) (MI.(IT)" IT R l’ MI-T}

17 CONTINUE:
I segment number in a cross - sectional.plane where 1<J&(NCT-=.1).
K" longitudinal. curve to be modified in segment J; 1 for §o‘ 2 for yi,

3 for §ﬂ,.4 for §é,.5 for Eo' 6 for zy, 7 for Eﬁ, 8 for ;s_
(see Figures 6 and 7).
MLT- number of longitudinal segments to be‘apecified-as-straightflinean
MST- number of lengitudinal points wherelfinite; left - handed‘almpeaf
| (d7/d% or dz/dx) are specified.
M2T number;ef,1ongitudinal*points where finite, right = handed.slopea
afe. specified. | h
Notet Comments*in;thé ﬂote'aﬁter the descriptiﬂn of N2T iu-Step‘z'apply
here alsa,\gxcepthS(IS) repi#ces-NS(IS). M2 (12) replaces N2(I2), and

the slepes are  (dy/dx or dz/dx) = DYX(IS) at MS(IS) and (dy/dx or dz/dx)
H‘DY2(12)~at M2(I12). However, infinite solpes are inputAsepaxately;hgreo

MIT number of -longitudinal .stations where infinite slopes In the longi~-
tudinal ‘direction are specified. .
ML(IL)  longitudinal station number where the beginning of -a straight line

segment is specified.  The straight line will terminate at . .the next
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M2(12)

DY2(12)

Ms(I8).

DYX(1S)

ML(IT)

40

longitudinal station.

longitudinal station number .where a right -~ hended slepe is
speeified (see note above)

right - handed slope (dy/dx or dz/dx) at M2(12).
longitudinal statcion number where a left - hamded slope is
specified (see note above).

left - banded slope (dy/dk or d3/d¥) at MS(IS),

longitedinal station number where the wight ~ handed slepe is

specified as infinite.



Appendix‘é (Continued)

Description of OQutput

The data described in Step 1 of the Descriptien of Input ave printed
' uaing”the Qame nemenclatire. Fef’e@ch cross-sectional plane, the data desczibed
in Step 2 of the Description of Inﬁﬁt araAprinted with the same nomenclature
except YB and ZB are the § and z coordinates of the input data points, Additienal

output for each cross section are:

A,B,C,D,E cbefficients of conic sectién given by eq. (1)
SGN Qigﬁ'to‘be used in eq. {(A4)
sLe, SL1 ‘slope dz/dy in local coordinates at the beginning and

end of a segment, respectively.

YB(CALC) ZB(CALC) . y and z corresponding te¢ inmput data points, but cal-
‘ : ‘ culated”frdm conic seétion equation.

YY(I,J,K) o Coerdinates of four points used to define conic
: gection in cross-sectional seguent J at longi~-
tudinal Etation X(L). -
K=lfaryo,2fary1,3forh&fory, ‘
5 for z5, 6 for 2%, 7 for Zy s 8 for 2, (see Figure 6)
The data described above are printed for each cross sectional plane. Then

the leongitudinal slopes computed at'eaéh cross section by the methed of splines

(before any modifications are‘made)}are printed, where

I léngitudinal station number

J ' cross-sectional segment number

K | same as K described in YY(I,J,K) above
YXL(L,J,K;) left = handed 1opgitudinal slope. (d;/di oY d;/dEJ
YXR(I,J,K) right - handed lengitudinal 3lopeo

l‘ s wi

If mndificatians are made to the initial spline-fit for the 1ongitudina1

curves, the data in Stap 3 of Descriptien of Input are printed with the same
namsnclaturey snd then the.gedified left ~ hgndad (YXL) and right =~ handed (YXR)

slopés are printe&.
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Next, the ceoefficlents for eq. (18) are printed for each longitudinsl
station I and cress—sectional segment J,

In the example used here, the following data are calculated and printad
for prescribed longitudinal (x) and circumferential positions (¢) relative to

the zeference point ;r,;'a

T
X, PHI Xs ¢
F, FX,FP £, 9£/0% , 3£/0¢
FXX, FPP, FXR 32/ax2 , 92£/242 , 32£/3% ¢
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Appendix C (Continued)

Program Listing

from IBM 360/175 Computer

Contents . Page .

MninuProgramkfor Determining Geometry . ¢ o ¢ o s o c o 'c o & o 5 5 o 44
Main Program for Using Geemetry Subroutine Package : o o s o o ¢ ¢ s 0 44
Subroutine INGE® . . . e-; ¢ 5 o s 3 8 o0 b.s s s o o o8 o s o'ss s  Hb
Subroutine SPtx. e & 5.5 8 'c & .6 8a's b s €6 s . m s'c's s t'0c's o s s  BD
Subroutine SPLINE o o » s o » o s's o 4 6o nia s n e e sie wie oo o 48
Subroutine GEOM. o o © s .» ¢ o a.o a's 6.8 a5 6 5 ¢ '6 o ¢ ;-, B_f‘n'n 49
Subreutine FCN b-e,c . 'a o;o "6 6 .8 b s 8 8 BB b .5 o6 8.0 m s ; ° o 51
Subroutine DERiV o 6 o s 5.v o5 o s B o s 8 ¢ b 2 5 5 s o .0 5'c e s o ol
Subroutine LINEQ - ¢ s s o ¢ o« 'c s 5 5 s & o 5 's a 5 2's 5 5 &0 5.5 o 23
Subzoutine LSTSQ o « « s ‘s o oo o0 o s R e s os 5 o 5 s s o 53

FunctinnFZ eo..on'nu_oa’oa‘on‘noag'nu‘an'ncmo"aono‘u‘58
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$J08B
C KA

NCS.MAE.B2630/DEJARNETTE ,TIME=30,PAGES=40,LINES=54
IN PROGRAM FOR DETERMINING GEOMETRY

C EXAMPLE - 70 DEG DELTA WING

666

100

101

¢ HRA

€ EX

301
300

160 -

101

€ RE
&

WRITE(3,666)

FORMATU1HL}

CALL INGED

WRITE(3,100)

FORMATUZZZ 1T IHX G LA o 3HPHI s 14X LHF g LSX 9 2HFX 3 75 18X ) 2HFP, 13X 3HFRE
1y 14Xy 3HFPPy 13Xy IHFXP}

DD 2 I=1y%

X= 43

lFll-EQ.ZlX!ln

IF!I.EQ-SIXBZo

iF€EOE004}Kﬂ50

DD 2 J=1ly4 .

"PH={J=1)%3,141592/6

CALL GEOMI X PHyOus0uosFoFXeFPoFXXoFPPEXP)
WRITE(39101IXoPHyF oFXoFPoFXXoFPPFXP
FORMAT( /9 BX94ELGeT 2/ 99X24E16.T)

SYopP

END

iN PROGRAM FOR USING GEOMETRY SUBROUTINE PACKAGE
AMPLE =~ T0 DEG DELTA WING
ggMHgNICDMZIK(EO’1YY(20|10.8'iYXRIZOvIO.BlpYXLIZOoloeBipYL¢2141359
yNCT
;REAﬂllaBGIINXQNCTpﬂﬂ
FORMAT{ 315)
READ(1+3001(X{I)sI=14NX)
FORMAT{S5E16.7)
READUL1+300){CLYYIToJdsK)oKnleB)oJulgNR) o IuloNX)
Rghgil,SOOllllY!LlloJcKioKﬂan)gJ!l.Nlel'ZoNXi
= -]
READ{ 1+ 3000 ({YXR(TodoK) 9K=]¢8) o JulgyNR) yInlsNZ)
WRITE(3,100}
FORMAT( 27791 TXo 1HX ¢ 14X o IHPHE 914X AHF g 19X 0 2HFX 379 18X ¢ ZHFP 5 L 3% SHFXX
1o14Xy AHFPP o 13X, IHEXP)
00 2 I=1ly4
KX=¢3
IF(1eEQa2)XX21s
iF‘toEQes’xx“ZO
IF(1.EQe%) XXe8,
00 2 Jel,4
PH={J=1}%3,141592/6
CALL GEOM( XoPHpOes0urF sF XoFEP sFXX9FPPoFXP)
WRITE(ILOLIXXsPHIFoERSEPFXX,FPPLEXP
FORMAT( /9 BXo4ELOTe /09K 4EL6.T) - N
RETURN !
END !
SUBROUTINE INGED !
AD INPUT DATA AND CALCULAYE COEFRICIENTS
NY2 1 FOR BLUNT NOSEy, 2 FOR SHARP POINTED NOSEs 3 FOR CUT OFF NO3E
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'€ NX=ND. OF LONGITUDINAL STATIONS, NCT IS NO. OF CONTROL PTS.s NJ= NO.
C OF LONGITUDINAL LINES TO BE MODIFIED '
C NP=1 FOR PUNCHING DATA CARDS
. COMMON/COM2/X(20), YY‘ZO.IU;G’;V!R(ZUQIOQB?vYXLiaﬂelﬂnﬂl YL!?w@e3l
© INXoNCT -
CDMHDN/CUM3IA|5’wAKi5’vﬁKX|5'
- DIMENSION NAM{ 20}
- READ{1,100)NAM
100 FORMAT(20A3)
WRITE(3,101)NAM _ '
101 FORMATI( 4X,20A3)
- READ(LsLO2INY o NXsNCToeNJyNP
102 FORMAT(S51IS}) -
- WRITE(3+201) NYyNXyNCTyNJyNP
201  FORMAT(/+8X%, 3HNY=|15'3303HNK=|I59339@HNCT°.I§93Kg3HNJ=gI5 3X g IHN
- 1P=, I5)
DD 2 I=1,NX
READ(14103}X(1}
103 FODRMATIF10.5)
2 CALL LSTSQUI,4NY)
CALL SPLXUNYNJ)
: ‘WRITE(3,202)
Zoz FORHATI/'llx'IHlt3xt1HJtﬂx'¢Hﬂ‘livlzx'ﬁﬂﬂiZ"IZXQﬁﬂﬂ‘BingQIXo
‘ S | 4HALS)12X94HALS)) ) ‘ )
- IB=1
IFtNY.LE. 2)!5'2
NR=NCT-1
DO 3 I=18,NX
DO 3 J=1sNR
CALL FCN{TsdeX{I))
IF(YL(1,1,1),.EQ.YL(], 2.13 ﬁNDoYL'Zvlvl'oEQoYLthZil))Gﬂ TO 3
CALL DERILYV
WRITE(3:203014J4A01)A(202A(3),A(4),ALS5}
‘ 3 CONTINUE
203 FURHAT(fiGX'214'3516070/'33x02515¢7’
: IF (NPuNE.1) GO TO 4
WRITEC(2+30LINX¢NCTsNR
- 301 FORMATI(31S)
WRITE(243000(X(E),I=1,NX)

300 FORMATISEL>6.7) '
“RITE‘Z'BOO"((YY(I'J’K"Kslie'OJHIONR"I=1'NX)
WRITE(29300)04(YXL(19JeK)eKulcoB),yJl=1yNR)I=2,NX)

: NZ=NX-1

. l ,“RITE‘ZvBOO)lI(YXR‘levK’tK'l'B’lJﬂlyNR, IHIQNZ'
- & RETURN
END

SUBROUTINE SPLX{NY, NJ) :
COHHDNICOHZ/X(ZO?,YY!ZO’lOgSl.VXRlZOglO,S’oVXL(ZO:lOwBleL1294w3Dg
INyNCT

DIMENSION Y{20), VPi20"XPl20‘|DS|20'oYHiZD,9XN(ZO'9HL(5);M2€5'¢DY2
1'5'0“5‘5'007!‘5’:"1(53!!!‘20’

NR=N=1

NQsNCT=-L
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DO 2 J=1l,M0
- DB 2 R=lo8
YL basYVilodoild
00 3 Hm2o
V@HBGVVGﬁ@$9Kﬂ
TiloH{ fi-R{E=121
T2uV¥ilodoRi=oVVilelodsK}
3 DSIII=SORTITIN®24T72%02}
IFINY.CE-2160 TO 4
¥Piil=0 '
,EF&V?@29&9%30NE0@3VP(1]335§23fYVCQ'JqK’
XP{1i=0
CALL SPLINELDS ;YoM YMpVPIL)oloo0D,YP)
CALL SPLINEIDSeXoNeiMeRPILIioslo o 0oRPY
YER{ Lo JoRI=RE20
IFEYYI20doKioEQ. Q) VAR Lo JoK) =0
ig=2
G0 FO 31
& Eﬁ&L SPLENE‘ﬁS?YQNQVﬂgio9199“29??’
%&L& SPLINE(DS; XeNoiMolonloo=2s XP}
. IB=1 .
31 DO 2 f=IB,N
WHLOU o JJeKi=VRETIFAUPLED
2 VERIIpJoRiaVELl{EodeKE
HRITE(3,2030
203 FﬁRﬁﬁ?@ffgllﬁglﬂi93KgiHJp3K91HK95x’10HYXL‘ItJ’K‘a6X 10HYKR(I:JQK‘@
@3%918%?0% INETEAL SPLINE}
Do 32 J=1l,NG
WRITE(3,4C1)
401 FORMATIS5XD
D0 32 K=1,8
WRITE(3:558) -
558 FORMATESBRI . :
DO 32 I=lsH '
32 HRETE(3, 206} ﬂerKqVﬁLilﬂJ@K’ﬁVKRiIiJ!K’
204 FORMAT{8X:214:2E16-7)
IFINJ-EQ.DIRETURN
PO LT TJIi=1,0d
MLEL)=0
MS{Li=0
H2{ 1=
MECRiaD
R%ﬁﬁ@ﬁa1@@3&9KﬁﬂlT9MST9M2T9MIV
100 FORMAT(LEIS}
WRETEN302053) JoKoMLTsMST oMZT4MIT
205 PORMATI/Z ¢8Hs2HI=,13,3X,;2HK= 'l3.3X,4HﬁLT—'IB.BK,4HHST=;130323
1 GHMZ2T=g 133X 4HMIT=,13)
IFIMLT -GY-OIREADIL, IOOFGML(ILiviLalnMLTl
101 F.Rﬁ&?@@@ﬁl@vFlO 531
IFIM2T.GTo @PRE&@@lglUl?QNZEIZE,DYEfIZl I12=1,M2T)
IF{MST. 67, QBRFADi1910|35M5115390YX!IS§915—1 MST)
FFIMITGT-0IREADI Lo 100 IMILTIT)IT=1,MIT) -
EF(H2T-CT-0)HRITE(3,206) {M2012)eDY2(12)s12=1,M2T}
TP {RST Gl OINRITE! 3,207 {MS(IS)oDYX{ IS 1S=1oMST?
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206

207

208
209

IF(MIT.GT.OMWRITE(34208{MICIT)IT=1,MIT)
IFIMLT.GTOIWRITEL3:209) (MLCILYsIL=1,MLT)

FORMAT( /74 10X 2HMZ2 4 TXy 6HDY2/DXe /9 (/ ¢BXy165EL16. 71}
FGRHAT(I’!10XpZHMSo7Xc5HDYIDX'I"ItBXrlﬁtElﬁaT)'
FORMAT(/ 80X 3HMI=514)

FORMAT(/ ¢BXo3HML=4514)

iS=l : .

=1

12=1

- IT=1

1B=1 o R
DD 5 I=1,MR o

DYY=YY{I+10JiKI-YY(IsdsK) R ,;\"1 '!.}"

- IF(I.EQ.MS(IS)IGO TO 30 -~ - .*. . =

DXX=X{[+1)=-X(1)
DSS=SQRT{DUX**2+0YY*%2])

IF(I.EQ.MLCIL)IGO TO 6

IFLI.EQ.MI(IT)IGO TO 7 A N
IFI1.EQ.M2{12))GD TO 8 o ST A

IF (KA.EQ.1)60 T0 9 _

GoT0 5 Ly
MB=1 S
MB1l=1+1 : K . A . :;wr..l. s

U KA=0

S DKE=X{TZ)=X{1Z-1)

'MHHE MB+1

IFUIZ.EQ.MS(IS)IGO TO 11

D0 10 IZ=MBLN S

DYESYY( 1Z9dsK)-Y¥{ 1Z=1 0 JsK)
DSE=SQRT(DYE##24DXE*®2) © oy
IFLIZ.EQ,MLITLYIGD TO 12 e

CONTINUE A R
YXR{ [+ JoK)=DYY/DXX T R

YL T 414K I=DYY/DKX
- IF{1.GENRIGD TO 5

DXE=X({I+42)-X{I+1} .

DYESYY( 1429 JsK)=YY{T41yJsK)
DSE=SQRT{DXE#*24DYE+#2) T e
XP{1)=DSE/ (DXE+DYY/DXX*DYE ) UL e A T e e e

“YPLL1)=XPLLI*DYY/DXX . N

YXR{I+14J2K)=DYY/DXX : S o
KA=1 o Co T
IF(ILSLT.MLTIEL=IL#+] T T,
IF(T. EQ.MS(ISi.Auo.xs.Lr.nsrnts=ls+1 '

GO TO S e T
YP{1)=DS$/DYY e e ‘mﬁ_;Atu; o

XP(1)=0 ' T

YXR{IsdoK1=1.E20 e

IFUITLLTHMITIIT=IT+1 ! R
IF(1.EQ.MS1IS).AND.IS, LT.HSTDIS=IS+1 o

T gp=2

G0 TO 9

8 xPlll=DSS/IDXK+DYZIIZI*DVYI

+

B 55*_;7-;;jjlw.ﬁkiﬁrl*”_ . 47



YP{L)=BY2(12000PEL)
YRE{Bo ol d=VRIL I /HP LN}
IF{12.L T M2V 01220241 o
1€ S oL T NSTIEScISHE .
S 68 TR @ : L
S B0 XP{1ioDES/iONNeDYRLESIS0VYY :
. YPE13oDYRITSICNPAL)
YRR ( Tod K IoVRI 3 /XPE 19
IR ISoLToHSTIIS=T8<1 ] :
60 7O 9 o
10 XPiii= lSE/GIKE@@Vﬁ(E@BﬂﬂvE)
YRIMIcDYREESIONP M)
. . GD YO 13 .
12 FPEu(YY(E24LodokD= VVEiZaJwK%PiﬂKGH2¢ﬁ9w261299
XP (M IoDSES | DXE +FPBEDYE ) ,
C YPIMIoFPRTRP M)
13 DO 14 T0sMB,LE |
IRz EQ-MB4] : o~
VIR B ¥l B0, doit ) -
XR{IR VoKL I0)
IF{IR-ER.LIGO TO 14
TisR{IB)=R{EQ=1) -
T2a¥VE 100 ot J=VVE IG=Lod oK)
DS {IRIoSARTITEOG20T2002)
i% CONTINUB
S {-%31
IF{M.LEC2060 TO 16
CALL SPLIMEIDS,VoMa VM YPLL1)oVYPIMI ol YP)
| CALY S@LENEG@S@XK@NgXM@KPiIIQKP(MlelexP!
16 DO 15 10=2,M
JO=TAIMB-1
_ YRL{ S0, JoRDoYPLI0) /XPLTG)
15 YXREJGoJoRboYRIIQIIXPLIIQ)
5 CONYENUE
WREFECS002) dolodok -
402 FBRM&?GiﬁsElﬂaEHE@&K@&RVKLiﬁegﬁzslﬂooIZolHl¢5K.6HYXR!Iow129
AiHeoi2p 1Mo 7}
- DO 403 18=1gN
403 WREFE(3,210) E@pvxliE@@JpﬁigfxaliﬂoJ'Kl
210 FORMATE 8X%.1%,2E16. il
17 COMTIMUE
RETURRN
END

SUBROUTINE SPLINCEH,DEcKAMsEGoNoFP}

DIMENSION HER)IDEIRIyAMIK) AC2010, 31203!Cl203|0120’v0‘2019U(2039

PiI260.:FP(20)
C.E IS LEFV DERY,6 IS RIGHT DERY,N=1 FOR € & & S?ECIFIEDQ
C N=0 FOR E SPECIFIED N=-1 FOR NEITHER SPECIFIED AND M=0 AT BOTH ENDS
c Nﬁﬁﬁﬂi?ﬁgm AT EMD POINTS = M NEXT TO END POINTS

B[

Biilol,

GCilie.S

H?ﬁ%o@@a“lﬁ@ﬁﬂﬁﬁ@@
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.4 IF{N.EQ.-2)CI1)==1.
o D(l’*3-*(lDE€2|-DE(1’)’“‘2) -E)/H(2)
IF(N LT.0)D(1)=0.
L IR INGEQe=1 ALK D=0 : S e e
: B{K1=1. S S
IFIN.EQ.D)A{KI==B{K)
IFIN.EQ.~2)A(K)=~B{K]}
C{K}=0.
DIKIGBo*lG-(DE|K)-DE(K-1'l/HiKI'IH(K'
IFINJLE.O)DIK}=0
Q(1l)==Cil)
S Utli=0d 1)
P(13=8{1)
DD 20 J=2,K
IF{J.EQ.K)GO TO 21
BtJi=1. ‘
ClI¥sHUJ+L)/LHIJI+HTJ+1) D /2. - .
A(J)=45~-C(J) .
D(Jl=3a*i((DE(J+1’—DE!JIIIH‘J+1’| 10E(J3‘DE(J*1’)IH‘J!lf(H(Ji+H(J*
.11
21 PLJI=A(0)2Q{J=1)+BLJ) ; ¢
: QMJi==C(J)/PLJ) '
20 ULII=IDLII=ALIIRUES~1)}/PLIY
AMEK }=U{K)
KM1=K~-1
DO 22 J=1,KM1
JR=K~J
AN(JR)=Q(JRI*AM!JR+1)+U(JR)
22 FP‘JR*Ii=iAMiJR+1]/3+AH(JR”&’*H‘JR+1’+‘DE(JR+1‘-DE(JR}l/H(JR+ll
. FPLL)={~AMIL1)/3-AM(2)/76)%H(2}+{DE(2)-DE(1]))/H{2} - '
" RETURN
END

SUBROUTINE GEOM(XKﬂPH’YR’ZRQF'FX'FP'FXX FPP,FXP)
COMMON/COM2/7X{201), YY(ZOGIOQG'OY!R'ZOQIOsB'QYXL(2091093,07L120493?9
LIXgNCY
COMMON/COM3/ZAALS) s AX(5) 4 AXX{S)
C LOCATE 1 AND 4 FOR X AND PHI
JX=NCT-1 - ' C :
DD 2 I=241X : ‘ o
IEIXXLTX{I}IGO TO 3 R
2 CONTINUE
I=IX
3 D0 4 J=21sdX
CALL FCN(TI.JyX%XX)
DYJ=YL{le2,1)=YR
D2J=YL{ 2¢ 24 1)=-ER o
FJ=SQRT{DYU*%24+4D2J%%2) : .
PHJ=ARCOS(DYJ/EJ) - '
IF{DZJ- LTaO)PHJBZ-O*!o141592‘PHJ
& CONTINUE
J=JXx
S CQLL DERIY
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CPeDVSIES

SPaRISIFS -

Hw ﬁ&ﬂﬂDQVRﬁU?%&&@é3$WR$ZR¢&AQ3!@£R$$2¢&ﬁ(33$YR¢&Aﬂ53ﬁ2R®io
Bio 2.00AALLIOVREZo00AAL 2IGIRGAALS Y

B2s2. @ﬁﬂ&ﬁZDQVQGZoDﬁﬁﬁﬁggﬁ@R@ﬁ&ﬁgﬂ

Lengponz

S208p0a2

L 2Pz Z0EPRGP .

C2Puga=52 :
TToAAlLISC2CART 21082PF 2441 31482 , o
BuRleCPoB2RsP ' .

T3:B 20T T2RS

$6No=1

IFIT3.6T.0)56H=1

CPoGOSIPHD

SPoSENIEHD

Caagpui?

§Aa{PoG2

B2P0USRPLEP

2P 2-52

ToAA(LIC20AA{ 20 082P/20AAL3) 082

BoBleCP+BALSEP . .f -4
THROAR] R ICC20ANT 2D0S2P /264K 325 '
THHSARRILISC2CARRKE 2 1 0520 /2 ¢+ARRKEB ) H52

YPodAAL 3D -AATLRD) DOS2PSAAL 2)SC2P

TRP=24( (AA(3V=AALL ) ISC2P=-AAT2) %82P]

THES {AR(3D-ART L) D08 2P <A KL 2D4C 2P

Bile2 008X LIOVRIZ.0CAR] 2T SERFAR{L)
B2HC2.00AXI2)BYRLZ . OBAKTI 3B ZREAX(S )
BEzB)LXCCPoR2ROSR

BARH= 2, OUARRILDOVRe 2, OCAXRI 2 REREAXX (&)

BERRo2, 00ANR(2) YRS 2. 0CAXKEB I RIRFAXRLIS)

BER=B LARCEP LB 2 KOS

BPocBLsSPoR20CR

BRPEo=

BPRu-BlRESPoB2RO0R

FRALBOO2=0 , HOTIH

T80 .
IE(T2.6T.0) TSauSORT(T2E \
IFCABSITIBT. LoE=B%E0 TO 9 : '
IE{BNE-OPu=078

GO T T

Fol=BoSENUTSI 24T

DE2&Pa 20

F2upif .

FRoloF20TP=FoBR ) /OB

BRu(=BFRoTH-FuBR) /DE

FRPu Gw)QPPJQZGFQQQFJ¥@$?PUF2$?PPQ2*?P*BP“F*BPP)/DE
B de ?vEKUd?bTuQQPM?ﬁﬁT%UPQQTKX“Z*Fﬁ*EK“F*BXK3IDE
VPO | 20 TP UEOE ROT P 208 SF PATH ;

UM 20 TEFRPOR H-ConP ROPBRI8 P=F PLEN

BRSO G U SUR b /O

RETLHRA

ENiD

S0



SUBRDUTINE FCNI IydeXX)
'CALCULATE X=-VARIATION FROM SPLINES : |
IN YY(1,4¢K)e 1 AND J ARE GEOMETRIC POSITIONS K= 1 - Y0,2 = Y1,
3 « YHy & -~ YSy 5 THRU B SAME FOR 2
CYL(LsMsNIo L=1 FOR Yo 2 FOR-Zy M = 1 FOR YO, 2 FOR Yio¢ 3 FOR YHe & FOR Y
“N= 1 FOR Fy2 FOR FX¢3 FOR FXX
cnnnontcanztxczo:.771zo.lo,al.vxaizo.novan.vxtczaolo.sivvaxz.@,aag
© 1EXsNCT
DIMENSION F{3¢3) -
DX=X{ 1)-X{ I-1) o S
U= {XX=X{E=11)/DX : ‘
U2=U%#2
U3=U%%3
Flly1)= 2403350241 ‘
F(2,1)={U3~-28%U24U)*DX
© F(3,11=(U3-U2)%0X
C Flle2)=(6%U2-6%Y) /DX
© Fl1l93)=(125U-6) /DX%22
CF(252)=(3%U2-4%U+1)
F(2,3)={6%U-4)/DX
F(3,2)=3%U2-2%U :
CF(33)=(erU-22/0X o
DD 2 L=1,2 ‘ ’
DD 2 M=144 ‘ ,
Ko4®{L=1)+M -
IFLYXR( I- 1.4.&).95,1 E20)G0 TO 3
DD 5 N=1,3
KK=1'
IFIN.GE.2)KK=0
5 YLILyMsN)=(YY(I~ l,J.K)-vv¢1.J.xrntFt1.N;+vve1.4.xn¢xx+vxacx~1.J,xa
1%F {2, NI +YXL{ T2 JsK) *F{3,N)
. GO TO 2
c SEGMENT BEGINNING WITH INFINITE SLOPE St
3 TlaYY{1,JyK)=YY(I~1odoK) - - -
L. T=T1/DX - o '
A=2,0%T1o{ T-YXL{ Io JoK) )
BaT#{ 2, 08VALI(1ydsK)-T)
SGN=1.0
v=XX=-X{1~-1)
IF(TLaLT20)SGN=~1.0
DY=SGN*SQRT{ARYV+BEVE#2) o ‘ o
YLILsMy 1)=YY{I=1deKI#DY -~ = . S
IF(DY.NE.O) GO TO & i o S
o YL{LeMe 212000
 YL(LeM¢31=0.0
GO TO 2
& YL(LoMg2)=(A+2,0#B%DX)/2.0/DY
- YL{LyMs 3)={B=YLiL oMy 2) #%2) /DY
2 CONTINUE '
. RETURN ‘ }
END , ' '

'nnnnn

SUBRDUTINE DERIY .
cC CALCULATE MlleAQZB ﬂiBleAi#hAlﬂ AND THEIR DERIVATIVES HoRoeToX
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COMMON/ZCONZZR12001oVVI20410:8) o YERI201008) o YRLI200100850VL120%03 00

ENQM@F

COMMONZGOMIZAATIB ) o ARTIS) o ARK(S Y

DIMENSTON G151 QRIS D) cORR(IBD pBE508) 0BRE5:58 0 BURIBoE V0 BE1505)
DO 2 Judseb

NELENES)

QI IoVLiSDobe LD

ARGHIVLIIB0%02)

ARXCII=VYLISD0L03)

o 2 =13

Gligd)=VRi{JBpNp 1R

BRITedI=YL{JB0lo2)

CGEN T devVLId3, 0030

(i

CL=6

w0

O 3 Jd=1,3

TF{J-ER-3IK=5

IF{JoGE-2]L=5

B0 3 [=1,2

Glledde BT oRISGIToL D

EGRETod =Bl IoRICERI T oL I 0BRIT o RILBEEoL D

GRRGTod B @ﬂHUKDQGHX@HﬁlﬁﬁzﬁﬁﬁﬂﬂQKQ$@X€EgLBéﬁxxﬁﬁeﬁﬁﬁﬁﬂﬂe&a
0o & I= 69'95

[3aj=3

Gllo2b=Bl U3, 5000(80 06l E3,409Q(5) '
@XﬁEo%D&@ﬂEBUBBQQKQQD%GX@H%vEﬁﬁaﬂéiﬁG(13a49*QX(5343X§339$3$@@53
Tepli3Sivaunis)e2uGRi I35 vQRi 4 ¢6XX{ 13,451 %Q(4)

GRE(I,20= W@@@EBg%Dﬁ@%ﬂ@@DﬁzdﬁﬁﬁEBQ@ﬁ*QX!S)*GKK‘igﬁéﬁﬁﬁﬁﬁﬂ
T & Joke8d .

e=)ie

IFGJ-EN51K=3

GUHoRI=20GL B3 H 000 0AD

GEETo K= 24@@@HBQJDQQKﬂﬁﬁé@K@ﬂ@543$QEJ3I
@KﬁﬂﬂaﬁﬁﬁébﬁgﬂEBOJDQQRXGJB¢2$@ﬂ8339£3@QXCJS+GXK§333J3@@3433
GllodieGlilodboald)

GRETo L )oGRI T3 DORT LD

GRUTY o IoBRITTp L0 00QKRKLDY

o 3 I=143

AAHT T he=] ' : . -
Bl &dn=2

AALS w2

. BD & M=1:5

<

B0 & J=165 : -
58 Todi=Gilodl

CALL SIMOIGE-AA;505,K88D
IFIRSCEDL RO TO ©

B 7 I=1,8

ARCT N0

DO T Joil8
ARTIICARIT D=AAT JTERIT oD
BSEEgdimGlAsd )

CaltL SINOIBS AR, 5,KE)
IFIRS«EO. L) 6O TO 9

0O & IoieB
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AXX(1)=0

DO 8 J=1,5

AXX( 1)=AXX( 11~AACJVHGXX{ T4} = z*Axtsl#sxfl.Ja
6S(1,J1=G{I,J) : | o

CALL SIMQUGSsAXKe5e5eKS) - o ro-i= 1wl
IF(KS.EQ.1) GO TO 9 S |

RETURN

CONT INUE

. AA{l)==1

BA(2}==1 | - :
CALL LINEQ(GoAA)
AX{1)==AA(&)¥GK( 1y 4 I-AAL5IPGX{1+5)
AX{2)==AA{&IHGRE 2o4)-AA(S) *GX(245)
CALL LINEQ(G,AX) |
AXX(1)==AA(4}RGXX{ 1,4} -2%AX(4) %GX 1, 43-AA(5)*8XX&1953-2*AK{51*GK
11,5}

o AXK(Z'*“AA‘#!*GXKE294]*2*AX(4!*61(294)-AA!S!*GKK(Z,B!-Z*AK!53*5%

11245) -
CALL LINEQE{G,AXX}

';; RETURN

END

‘suanuur:us LINEQIG,AA}
DIMENSION G(5,5) AA{5) |
DEN=G{1s4)%G(2,51-G(1s5) #6(294) M

" 1IF{DEN.EQ.0)IGO TO 3

202

UP4=AA{ 1) *G(2,5)-G{1+5)%AA(2)
UPSmG(194)*AA123~AA(13*G(294)
AA{4)=UP4/DEN

AA{S)=UPS5/DEN

DD 2 I=1s+3

AALT)=0

RETURN

WRITE{3,202)
FORHAT(IIIeZXel?HBENOM IN LINEQ IS 0711
RETURN

END

SUBRDUTINE LSTSQ!IT’NYI

C FUR THIS SUBROUTINE Z IS USED FOR Xe X FOR ¥y AND Y FOR Z

. 101

" NLELY=O

COMMON /COM2/72820)oYY{ 20, 1003’anszolIOQB’sYXL(ZUolOagioYL€29493)9

11X, NCT

DIMENSION NC(103sXB(20),YB(20),DX{10)9SDA(10}CDA{10),CTI10),AGI10.
"11sBGE10},AB( 101 ,G6(10),BB(10)¢AA(L1),GE(10)+BE{10)sAE(L1O}EE(LD)o X ~
14200,Y020),G{20920) ,B2{20) yXS{10)s¥S(10) ¢XH{10)¢YH{10),BMN{20)

DIMENSION NLE5) oNS(5) ¢DXX(5) 2DY(5) yN2(514DX2(5)¢DY2(5) |
COHHDM!CUMLIKC&lOngC(lODsSAllol'CAIIOI9SGNI10!9&(20)984103a6¢1029
10(10)4E{ 10} . y

M=NCT-1 : r
TF{IToEQs1.ANDoNY.LE221GO VO 32
READ{1s1013}N,NLTNSToN2T
READ!I:101]ENC¢J19J=19NCTD
FORMAT{1615)

s
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3 NaXale

200
102

N20 200

TEINL To BT o 0IREADI Lo LOLDINLIILY o IL=1 ¢ NLTE

T IN2T 6T 0IREADIL o 200D IN2{E2),DX2{L2) 4DV2(ER] , 1220 o N2T}
IEINSToGT o) READ[ L, ROC) INSTIS) oDRREIS) o DYEESS o ESSL o NST)
PORMAT( 159 2F LG.5)

READI Lo 102D (RBIK) o VBIR] oo EUNB

FORMNATIBR10.3}

MeyOTAL WND. QF DATA PTS.oML{L) IS MO, OF CONTROL PTQ‘HHICH 15 BEG. OF

A ST LINE SEGooMLT IS TOTAL NQ. OF OF ST LINE SEGS.SIMILARILY

M3

fE) AMD NST ARE FOR IWPUT SLOPES (HMUST HAVE INITIAL AND END SLOPES

FNPUT OR HAVE A4 $T. LIME THERE!?

4090

211
212
2.9
2RG
219
£16
217 -

L
260

13

HRITE(3,4001%

BORMATI £ 8o SOHSASUOGENEHSODABHtE R e R Rk R e Set e S aGoRan SEfkhinetis )
WRUIVE(Se2idl ZIETY ~
HRATELD,202]F WoMLT NST N2YT

HRITE(Do213DINCEED o I=loNET)

IR IMLT BT OIHRITEI3 2040 INLI T o =l o NLT)
IPGMSToGTDINRITEC3 2B INSTI o DXX{I) o DYL{I) o I=1 o MET )

IFIN2T BT OIRRITE( 32163 EN28L) o DHZ{T1,DY2({1) 1*1 N2T1i
HRITECI2R70 (Mo 8BE Lo VBl ID o ialoNd

FORMAT (/7 ¢BXg3HR =EL&. 7

FORUATIF  oBH2HM=313,3% @HNL?“9E393ﬂ9&HNST5@I393K94HN2T”@335
f@ﬂ%ﬂ?ﬂf 2 BRLBHNC=, 20159 .

F‘UJR“!Q} ﬂax'{) Qnu fngﬁ 53

F@RM&Wfoal@KQQHWSg@xgzwﬁv o ABHp2HBZe/7 9§ exsiﬁgzﬁlﬁo?ﬂﬁ
FORBATL 770 A0X o 2HNZ o THo 2HOV20 13K o 3HDZ20 /9 108X 4 149 2EL6.T) )

FORMATI /4o BRoSHP T oNO g TR ZRAYB o 14K 2HZBs el  BXo I502E 167312

B0 1L JoloNEY )

RafEqJdd

RGOS IeRBLED

RSN IR
WRIVE(20300%
FORNAT( 77 LLX quJg@Xg@H&ﬂé%Q&EﬁgﬁﬁﬁidielzxgﬁﬁﬁﬁJieizﬁaﬁﬁﬁﬁdﬁgiaﬁiﬁ

BoOGHE(S Do L2RoOHSENT S Do LOR o GHELTE S o LORyOHSLL{ S D

8ol

Bi=i

HEZsH

KasO

jibza=pt

D0 L7 U@sloMZ
TFETQ.EQ-NLITLYIGO TQ
IFCIR.EQ.NZ(12D )60 TO 19
IFTID.EONSIES)IGD TO A0
IFIRA-EQ- 1060 7O 18

GO VO 17

MB=1g

FB e Rgel

A

B0 9 TZ-H8LoNCT
IFSHZ-E0NETISD 6D TO 16
IFTILCONLITLD GO TO 12
CONTINUE
BVIsVCLIgeiD-vEL 19D

BRLZNCT IGO0 d=HC( §9D

54
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N UIT, 10 1)=XCIQ)
CYYUITe1Qe2)=XC(1Q+1)

L YYUIT.EQe4)=YY{IT,10s3)
©YYLET5I1Q,53=YC(1Q)

YYiIT,1Q43)= tXC(IQ)+XC(IQ+1!)IZ

U YY(ITs 100 6=YC( 1Q41)
o NY(ITe IQe TH={YCLIQ+104YC(1Q) /2
C YY(ITe1Qp8)=YYiIT,10s7)

IF(ILLToNLTIL=IL¢1 '_3'*
IF{ILoLTol)IL=1 o
IFIIQ.EQoNS{IS) o AND, ISoLT.NSTlIS=IS+1 S
A“l . . Pl ) C e

T AL1Q)=0

o B(IQ)=0
. cl1Q)=0
o DE1Q)=0

o ELIg)=1

v‘SGN(IQl=1

ZN=0

.'HRITE(B@BOlbIQ»AEIQiaBiIQIoC(IQl;DIIQivE(IngSGNEIQ!vZMwZN :
“¥=NCLIQ)
t=NC{IQ+12-1

r . .

. DSB=SQRT(DYL#%25DX1%¢2)

- DYN= YCEIZ+1§ ¥C{I)

IF(DSBoLE, 1.E~201DSB=1
CAA=DX1/DSB

SAA=DY1 /DSB8

00 33 JJ=K,L L
XHL=(XB(JJl-XBCKl}*CAA*lvﬂiJJi-YBlK)l*SAA,‘
BM{JJ)=XCLIQ)+XHL*CAA = , T,
BZ{JJI=YCL{IQIeXHLESAA S

G0 TO 17

DY1=DY(1S)

DX1=DXX{IS}
IF{1S.LY.NSTIIS=1S¢1
g0 TO 15

DY1=DY2(12)

DX1=DX2{ 12} :
IF{12.LT.N2T}12=12+1
IF(IS.LToNSTIIS=IS+1
GO TO 15

ME=1Z

DXN=XC{IZ#1)- KC(!ZD B S
M=ME-HMB T S
GO 70 7 ' ‘ . R
ME=1Z ‘ S e .

DYN=DY{IS} | k

DXN=DXX{ IS} c I

- M=ME-MB

D0 14 i=1.20

AtI}=0

D0 14 J=1,20

G(iedb=0



DO 2 i=1,W™

R=MG O EoMB=1)

L=MCLI¢MB D

Ti=RBILI=NBIRY

T2=Y8(L)=vBIKD

DI [ )=SART( TLoR2STA002] : C
SACE)I=T2/DRE1 D : .
CA(II=Ti/DRIED : h
EF{T.EO-L0G0 TO 2 ‘ '
SDALT)=SACLISCAl I=-10=CAT I}-SA(T=-1)

COALT I=CATT)SCAL B=00¢SAL T 0SATE-1E

Crdliy= C@&ﬂﬂﬂiggﬁﬁﬂﬂ ‘ ‘
CONTIMUE

VP={DVICAf D= @Xlﬂﬁﬁﬁﬂﬂﬁfﬁﬁ?l“@&ﬁlﬁ%l?l#&&ﬁlﬁ?
VPN=( DYNTCAIME-=DANCSATME }/ {DHNGCAL MY *DVN®SALIME |
IR(YP-EQ.0.0R-YPNEQ 08B0 TO 8

CTEL) == L7 YR

CCTIMe =R AYPN

SpA{KeLIs

SpATL)=}

OO 3 I=1,R

AGL T =0 | | o

BEIXi=D '

AB{ L) =0 o

G Ij=0

BRI DD

ARCTID=0

GE{I)=0

BE(19=0 |

AELE)=0 : .

EELT D=0

KoNCE I4MB-110

L=RCI {+M8 =1

B0 3 JskoL |

REJI=(RBA b=HBIK)})HCACT I VBCSI=VYBI{KII*=SAL(L}

T(HIm=(RBII =B IR I LHSAL L }(YBLS)-YBEK) IRCALI} .

AL=VELD= (ORI =60J 0 /8SDALE D

BET= Kﬂdﬂﬁbz%ﬁﬁﬁﬁﬁﬁm@?ﬁH¢AD9$%ﬁ$B$V&J3-CTlil*DX€EﬁﬁVQJBﬁﬁﬁﬁiﬁﬁnﬁéﬂ
GA=R{AIOYE AN /SRATISLY
ABGT I I=AGE [ 3 2ALEGA

BGIE =BGl IIoBET=GA
ABII)=ABEE)cALUBET
GEL11=GG( I )14 GARGA

BRI =004 K i+BETH=2
AATTI=AA{E jeALSSRR
GETII=GEGIIEGARYI S 502
BE{I)=BER L h4BETHVI S)D02
RET I IoABI F i eALTYE S D002
BECHI=ERE T heviditns
CORT EMUE

ABTHCL ) =0

GERo LDzl

&4 1=k

IFiH-EQ-R )60 ?@ i3

56



DO & [=2.H
IF{YGEs3}GI{E; I-2)=AGI{I~-1)
GlI;1~1}=BGI(I-1§+AB{1) A
GEI1s19=GGi [~-114BB{1)+AALI+1} o N
IF(ToLE(H=1F1GLTo141)=BGIL}+AB(R®L1) ~ ' 7 7" -7
EF{I.LE, %ﬁ~2336€391+215AGII*11 e Coe
iMaieM. ‘ IR .
GlloIM-13=GEL =1 ‘ P
GiEoIMI=BE(L} IR o
IF(IoLToMIGE I, EM+1)=AE(R41) S
G{IMo E=1}=AEL(T} . :
G{IMg Ti=BE( T}
IF{ I LT MIGLIME4Li=GE(T}
L& GUEIM, IMI=EE(1}
13 GEM&+1,13=BE(1)
' G{M+1y,2)=GE(1} S N I S
CGUMel MELI=EEGRY 0 . oo T
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